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(54) Heat exchanger 

(57) A first cooling fin (22) and a second cooing fin 
(32) are separated to have a predetermine clearance, 
and a plurality of connecting portions (45) for partly con- 
necting the first and second cooling fins (22, 32) are 
formed. When the first and second cooling fins (22, 32) 
are unfolded, the length E of each the connecting por- 
tion (45) in parallel with the longitudinal direction of the 
first and second cooling fins (22. 32) is equal to 5% or 
less of the length F between the adjacent connecting 
portions (45). Further, the first cooling fin (22) is pro- 
jected from the condenser tube (21) toward the radiator 
tube (31 ) side with a projectin length Lc being in a range 
of 1.7 to 7.0 mm. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a heat exchanger 
in which different core portions are integrated with each 
other, and more particularly the present invention can 
be effectively applied to an integration of a radiator of an 
engine which is a driving source of a vehicle and a con- 
denser of an automotive air conditioning apparatus. 

2. Description of Related Art 

Conventionally, an automotive air conditioning 
apparatus is assembled into a vehicle in a car dealer or 
the like after the vehicle has been conpleted. Recently, 
however, the automotive air conditioning apparatus is 
generally installed in the vehicle when the vehicle is 
completed, and therefore the automotive air condition- 
ing apparatus is assembled with automotive parts in the 
assembling steps of the vehicle at the manufacturing 
plant. 

There have been proposed a plurality of heat 
exchangers in which different core portions such as a 
radiator and a condenser are integrated. By integrating 
the radiator which is an automotive part and the con- 
denser which is an automotive air conditioning appara- 
tus part with each other, the heat exchanger is 
downsized and the assembling steps can be decreased. 

However, because the different core parts are inte- 
grated with each other, heat transmission is generated 
through the integrated part so that there is a problem in 
that the heat exchange efficiency of the core portion to 
which heat is transmitted is decreased. That is, when 
the radiator and the corxjenser are integrated with each 
other, heat is transmitted from the radiator to the con- 
denser so that the heat exchange efficiency of the con- 
denser is decreased. 

To suppress the heat transmitting amount, as dis- 
closed in JP-A-3-177795. for example, cooling fins of 
first core portion and second core portion are integrated 
with each other, and a slit shaped recess portion is 
formed in a zigzag shape in a height direction of the 
integrated cooling, and a heat transmitting passage for 
transmitting heat is meanderingly formed so as to pro- 
long tiie heat transmitting passage. 

in the atxjve-described heat exchanger, the heat 
transmitting passage is prolonged so that heat transmit- 
ted from the radiator to the condenser is suppressed, 
however, the heat transmission cannot be interrupted 
completely Thus, to maintain a desired heat exchange 
amount in the condenser core portion, it is necessary to 
decide tiie capacity of the condenser core portion by 
considering tiie decrease of the heat exchange effi- 
ciency. 

That is, when designing a heat exchanger in which 
different core portions are integrated with each other, it 



is necessary for a core portion to which heat is transmit- 
ted (condenser core portion) to be made larger by con- 
sidering tiie decrease of the heat exchange efficiency in 
the core portion to which the heat is transmitted (con- 
5 densier core portion). 

However, if only the heat transmitting passage is 
simply made larger, the principal object for a small-sized 
heat exchanger in which different core portions are inte- 
grated with each other cannot be achieved. 

10 

SUMMARY OF THE INVENTION 

In view of the foregoing problems, it is an object of 
the present Invention to provide a heat exchanger in 
15 which different core portions are integrated with each 
otiier, while preventing the heat exchanger from being 
large-sized and the heat exchange efficiency from being 
lowered. 

According to an aspect of the present invention, a 

20 plurality of folded portions of corrugated first and sec- 
ond cooling fins are formed between a pair of adjacent 
connecting portions for connecting the first and second 
cooling fins. The connecting portions may be formed in 
each flat portion of the first and second cooling fins. 

25 Therefore, total cross sectional areas of the plurality of 
connecting portions which is a cross sectional area of 
heat transmitting passage of heat transmitted between 
the two cooling fins can be reduced. Thus, the heat 
transmitting amount between the two cooling fins can 

30 be reduced, so that the heat transmitting between the 
two cooling fins can be effectively interrupted. 

Further, the cross sectional area of the heat trans- 
mitting passage is reduced so that the heat transmitting 
between the two cooling fins Is interrupted. As com- 

35 pared with the conventional heat exchanger in which the 
heat transmitting between the two cooling fins is inter- 
rupted by increasing the heat transmitting passage, the 
distance between the two cooling fins can be sup- 
pressed from increasing. Thus, the heat exchanger can 

40 be suppressed from being large-sized, arKi the heat 
transmitting between the two cooling fins can be effec- 
tively interrupted. 

According to another aspect of present invention, a 
recess portion is formed on the cooling fins so as to 

45 cross over folded portions of the cooling fins. Further, 
the connecting portion has a portion in parallel with a 
longitudinal direction of the first and secorKi cooling fins, 
and a length (E) of the portion being equal to 5% or less 
of a length (F) between each pair of the adjacent con- 

50 necting portions when the first arKi second cooling fins 
are unfolded. Therefore, the deterioration percentages 
of the heat exchange efficiency of the first cooling fin 
can be suppressed less than 2%. Further, the first cool- 
ing fin is projected from the first tubes to the second 

55 tubes side with a projection length being in a range of 
1.7 - 7.0 mm. TTierefore. radiating amount of the first 
tube and the first cooling fin can be increased over 
about 2 %. Thus, by suitat)ly selecting the projection 
lengtii Lc of the first cooling fin and the connection ratio 
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(E/F), the deterioration amount with providing the con- 
necting portion can be offset by the increase of the radi- 
ating amount with projecting the first cooling fin. 

According to still another aspect of the present 
invention, the second cooling fin is projected from the s 
second tube toward the first tube side, the projection 
length (Lr) is equal to 5.0 mm or less. Therefore, the 
size of the heat exchanger can be prevented from being 
large-sized, and the heat exchange efficiency can be 
prevented from decreasing. Further, because the cool- io 
ing fins are Integrally fbrnfied through the connecting 
portions, the manufacturing cost of the two cooling fins 
can be reduced so that the manufacturing cost of the 
heat exchanger can be reduced. 

According to still another aspect of the present is 
invention, a partition member is located at end portions 
of the first core portion and second core portion. By the 
partition member, air bypassing the first core portion 
does not flow through the clearance between the first 
cooling fin and the second cool fin, so that a duct effect 20 
can be obtained. 

According to further another aspect of the present 
invention, the distance between the first cooling fin and 
the second cooling fin is equal to 5.0 mm or less. There- 
fore, the air flow resistance becomes larger, so that the 2s 
duct effect can be obtained. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Additional objects and advantages of the present so 
invention will be more readily apparent from the follow- 
ing detailed description of preferred embodiments 
thereof when taken together with the accompanying 
drawings In which: 

35 

FIG. 1 Is a perspective view showing a core portion 
of a heat exchanger (a cross-section taken along 
line B-B of FIG. 2) according to a first embodiment 
of the present invention; 

FIG. 2 is a perspective view taken from arrow B of 40 
FIG. 1 ; 

FIG. 3 is a perspective view taken from arrow C of 
FIG. 2; 

FIG. 4 Is a graph showing a relationship between 
an increase percentage of radiating amount of a 45 
cooling fin in a condenser and a projection length of 
the cooling fin; 

FIG. 5 is a graph showing a relationship between 
an increase percentage of an air flow resistance of 
air passing through the cooling fin of the condenser so 
and a projection length of the cooling fin; 
FIG. 6 is a graph showing a relationship between 
an increase percentage of radiating amount of a 
cooling fin and a projection length of the cooling fin 
in case the air flow resistance is considered; ss 
FIG. 7 is a perspective view showing a shape of the 
cooling fin; 

FIG. 8 is a plan view showing the cooling fin; 
FIG. 9 is a graph showing the relations between a 



deterioration amount of the condenser and a con- 
nection ratio; 

FIG. 10 is a graph showing the relations between 
an increase percentage of radiating annount of a 
cooling fin in a radiator core portion and a projec- 
tion length of the cooling fin; 
FIG. 11 is a graph showing a relationship between 
an increased percentage of radiating amount of a 
cooling fin and a projected size of the cooling fin in 
case the air flow resistance in the radiator core por- 
tion is considered; 

FIG. 12 is a perspective view showing a core por- 
tion of a heat exchanger (which corresponds to a 
aoss-section taken along line B-B of FIG. 2) 
according to a second embodiment of the present 
invention; 

FIG. 13 is a perspective view showing a state in 
which an automotive heat exchanger of the present 
invention is mounted on a vehicle; 
FIG. 14 is a top view showing a state in which an 
automotive heat exchanger of the present invention 
is mounted on a vehicle; 

FIG. 15 is a diagrammatic view showing an air flow 
when the automotive heat exchanger is mounted on 
the vehicle; 

FIG. 16 is a graph showing a relationship of a dis- 
tance L between two tubes and an increase per- 
centage of air passing through the condenser core 
portion; 

FIG. 17 is a graph showing the relationship of the 
distance L between two tubes and an increased 
percentage of the heat exchange of the corxienser 
core portion; 

FIG. 1 8 is a plan view showing a cooling fin accord- 
ing to a modification of the present invention; and 
FIG. 1 9 is a plan view showing a cooling fin accord- 
ing to another modification of the present invention. 

DETAILED DESCRIPTION OF PRESENTLY PRE- 
FERRED EXEMPLARY EMBODIMENTS 

Preferred embodiments of the present invention are . 
described hereinafter with reference to the accompany- 
ing drawings. 

A first emkxxiiment of the present invention will be 
described. 

In an automotive heat exchanger of the first embod- 
iment of the present invention, a condenser core portion 
of an automotive air conditioning apparatus is used as a 
first core portion, a radiator core portion for cooling an 
engine is used as a second core portion. Generally, 
because the temperature of refrigerant flowing through 
tiie condenser core portion Is lower than that of an 
engine cooling water flowing through the radiator, the 
condenser core portion is disposed at an upstream air 
side of the radiator core portion in air fk)w direction and 
the two core portions are disposed in series in the air 
flow direction at a frorrt-most portion of an engine com- 
partment. The structure of the heat exchanger of the 
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first embodiment is hereinafter described with reference 
to FIGS. 1 through 8. 

FIG. 1 is a partial enlarged cross-sectional view 
(along line B-B of FIG. 2) of a heat exchanger 1 of the 
preserrt invention. As shown in FIG. 1 , a condenser core s 
portion 2 and a radiator core portion 3 are disposed in 
series in the air flow direction so as to form predeter- 
mined clearances 46 between each pair of a condenser 
tube 21 and a radiator tube 31 described later to Inter- 
rupt heat transmission. io 

The condenser core portion 2 includes flat shaped 
condenser tubes 21 which are refrigerant passages and 
corrugated (wave-shaped) cooling fins 22 in which a 
plurality of folded portions 22a brazed to the condenser 
tube 21 are formed. is 

The radiator core portion 3 has a similar structure 
with the condenser core portion 2. The radiator core 
portion 3 includes the radiator tubes 31 disposed in par- 
allel with the condenser tubes 21 and radiator cooling 
fins 32. The tubes 21 and 31 and the cooling fins 22 and 20 
32 are alternately laminated and are brazed to each 
other. A plurality of louvers 22b and 32b are formed in 
the two cooling fins 22 and 32 to facilitate heat 
exchange, the two cooling fins 22 and 23 are Integrally 
formed with the louvers 22b and 32b by a roller forming 2S 
method or the like. 

A plurality of connecting portions 45 are formed 
between the two cooling fins 22 and 32. By way of the 
plurality of connecting portions 45, opposite end por- 
tions 22d and 32d which are vertical to the longitudinal 30 
direction of the two tubes 21 and 31 formed end por- 
tions of the two cooling fins 22 and 32 are connected to 
each other. As shown In FIG. 7, a plurality of folded por- 
tions 22a and 32a (five to ten folded portions in the first 
embodiment) of the two cooling fins 22 and 32 are 35 
formed between one of the plurality of connecting por- 
tions 45 and the oth^- connecting portion 45. 

When the two cooling fins 22 and 23 (in FIG. 7) are 
unfolded as shown In FIG. 8, the connecting portions 45 
and opening portions 47 are alternately formed in series 40 
In the longitudinal direction, and the cooling i'tns 22 and 
23 are formed with the louvers 22b and 23b and the 
folded portions 22a and 32a by a roller process. In FIG. 
8. E shows a length of each connecting portion 45 
which is parallel to the longitudinal direction of the two 45 
cooling fins 22 and 23, F shows a length between two 
adjacent connecting portions 45 of the plurality of con- 
necting portions 45. The length E Is equal to five per- 
centages of the length F or less. The ratio between the 
length E and the length F (hereinafter refenred to as a so 
connection ratio E/F) will be described later. 

Because the folded portions 22a and 32a of the two 
cooling portions 22 and 23 contact with the two tubes 21 
and 31 . most of heat transmitted to the two cooling fins 
22 and 32 are transmitted to the folded portions 22a and ss 
32a. Thus, preferably, the connecting portions 45 are 
formed on plane portions 22c and 23c of the two cooling 
fins 22 and 23 as shown in FIGS. 1 and 7. 

Further, because the width dimensions of the two 



cooling fins 22 and 32 which are vertical to the longitu- 
dinal direction of the two tubes 21 and 31 are larger than 
the flat width dimensions of two tubes 21 and 31, the 
two cooling fins 22 and 32 are projected toward the 
clearance 46 as shown in FIG. 1 . A projection length Lc 
projected from the condenser tube 21 toward the clear- 
ance 46 and a projection length Lr projected from tiie 
radiator tube 31 toward the clearance 46 will be 
described later. 

Side plates 23 and 33 are reinforcement member of 
the two heat exchanger core portions 2 and 3, the side 
plates 23 and 33 are respectively disposed in two end 
portions of the two heat exchanger core portions as 
shown in FIG. 2. As shown in FIG. 1 , the side plates 23 
and 33 are integrally formed from a sheet of aluminum 
plate to a general U-shape in cross-sections. A connect- 
ing portion 4 for connecting the side plate 23 and the 
side plate 33 is formed in two erxd portions of the longi- 
tudinal direction of the two side plates 23 and 33. A Z- 
shaped bent portion 41 of the side plate 23 and a Z- 
shaped bent portion 42 of the side plate 33 are con- 
nected to each other at a top end portion 43 so that the 
connecting portion 4 is formed. The widtti of the con- 
necting portion 4 is set to be small enough as compared 
with the dimension of the side plate 23 or 33 in the lon- 
gitudinal direction. Further, a recess portion is formed in 
the top end portion 43 of the connecting portion 4 to 
reduce a thickness of the plate wall of tiie connecting 
portion 4. 

Further, as shown in FIG. 2, a first header tank 34 
for distributing cooling water to each the radiator tube 31 
is disposed at an end side without having the side plate 
33. The front shape of first header tank 34 is nearly a tri- 
angular, the cross-sectional shape is ellipsoid as shown 
in FIG. 3. The large-diameter of the ellipsoid becomes 
smaller along the oblique line of the triangular, further, 
becomes equal (a circle) to the small-diameter of the 
ellipsoid at the top side of the oblique line. An inlet 35 of 
cooling water flowing to the radiator is formed at a bot- 
tom skie of the first header tank 34 having a nearly tri- 
angular. Further, a pipe 35a for connecting a pipe (not 
shown) of cooling water is brazed to the inlet 35. 

Further, second header tank 36 for receiving the 
cooling water having been heat-exchanged is disposed 
in an opposite end of the first header tank 34, the sec- 
ond header tank 36 has a similar shape witii the first 
header tank 34. As shown in FIG. 2, the second header 
tank 36 and the first header tank 34 are point-symmetri- 
cal with reference to the center of the radiator core por- 
tion 3. Further, an outiet 37 for discharging the cooling 
water Is formed at the bottom side of the second header 
tank 36. With the tubes and the cooling fins and the like, 
a pipe 35 for connecting the pipe (not shown) of cooling 
water is brazed to the outlet 37. As chovvn in FIG. 2, the 
inlet 35 and the outlet 37 of the radiator are directed 
toward the paper skie in FIG. 2. 

The first header tank 24 distributes refrigerant in the 
condenser core portion 2 into each the condenser tube 
21, and the body of tiie first header tank 24 is cylindri- 
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cally formed as shown in FIG. 3. The first header tank 

24 of the condenser is disposed to have a predeter- 
mined clearance with the second header tank 36 of the 
radiator. Further, a joint 26a for connecting a refrigerant 
pipe (not shown) is brazed to the body of the first header 5 
tank 24. and an outlet 26 of refrigerant is formed in the 
joint 26a. 

Further, as shown in FIG. 3, a second header tank 

25 of the condenser for receiving the refrigerant having 
been heat-exchanged is disposed in an opposite end of 10 
the first header tank 24 of the condenser, the second 
header tank 25 is disposed to have a predetermined 
clearance with the first header tank 34 of the radiator. 
The body of the second header tank 25 is cylindricaily 
formed. Further, as shown in FIG. 2. a joint 27a for con- is 
necting a refrigerant pipe (not shown) is brazed to the 
body of the second header tank 25. an outlet 27 of 
refrigerant is formed In the joint 27a. As shown in FIG. 

2, the inlet 27 and the outlet 26 of the condenser are 
directed toward the paper side in FIG. 2. 20 

Next, projection lengths Lc and Lr of the two cooling 
fins 22 and 23 will be described. 

When the projection lengths Lc anti Lr become 
larger, the radiating area of the two cooling fins 22 and 
32 becomes larger so that radiating an[X}unt becomes 2s 
larger. However, the closer it comes to this top end of the 
two cooling fins 22 and 32 from the two tubes 21 and 31 , 
the smaller the difference of temperature between the 
two cooling fins 22 and 32 and air becomes. Thus, the 
radiating amount is not increased so much with increas- 30 
ing the projection lengths Lc and Lr. That is. as shown in 
FIG. 4, in the condenser core portion 2, when the pro- 
jection length Lc of the cooling fin 22 is equal to 4.0 mm 
or more, the increase percentage of the radiating 
amount is saturated. On the other hand, as shown in 35 
FIG. 10, in the radiator core portion 3, when the projec- 
tion length Lr of the cooling fin 32 is equal to 7.0 mm or 
more, the increase percentage of the radiating amount 
is saturated. 

Further, as shown in FIG. 5, with increasing the pro- 40 
jection lengths Lc and Lr, the resistance of air passing 
through the two core portions 2 and 3 is nearly linearly 
increased. 

The above-described examinations shows numeri- 
cal analytic results in a corrugated cooling fin having the 4S 
louvers by a finite element method when a pitch of the 
louver is 1.0 mm, an angle of the touver is 23**, a height 
of the cooling fin is 8.0 mm, the clearance distance L 
formed between the two tubes 21 arKi 31 is 10.0 mm 
and the fixed speed of air f bwing from a skle of the con- so 
denser core portion 2 is 2.0 m/sec. 

Further, the Inventors have experimented a number 
of numerical analytic tests under various calculated 
conditions in addition to the above calculated condi- 
tions. As a result, when the clearance distance L is In a ss 
range of 4.0 - 10.0 mm, it turns out that the increase 
percentage of radiating amount arxj the air flow resist- 
ance do not depend on the thickness and the height of 
the cooling fin, however, nearly have functional relation- 



ship with the projection lengths Lc and Lr as shown in 
FIGS. 4. 5 and 10. 

When air f tow resistance becomes large so that the 
amount of air passing through the cooling fin is 
decreased, amounts of heat radiating from the two core 
portions 2 and 3 per hour are decreased, so that the 
heat exchange efficiency is decreased. When the rela- 
tionships between each of the projection lengths Lc arxj 
Lr and the increase percentages of radiating amount 
are calculated while conskiering the air f kyw resistance, 
the calculated results are shown in FIGS. 6 and 11. As 
shown In FIGS. 6 and 1 1. the condenser core portion 2 
has the maximum increase percentages of radiating 
amount when the projection length Lc is about 4.0 mm, 
whereas the radiator core portion 3 has a maximum 
. increase percentages of radiating amount when the pro- 
jection length Lr is in 5.0 - 6.6 mm. When the projection 
lengths Lc and Lr are more than the respective maxi- 
mum values, both increase percentages of radiating 
amount are gradually decreased. 

Next, the connection ratio E/F of the two cooling fins 
22 and 23 will be described. 

When the connection ratio E/F becomes larger, the 
connecting portion 4 of the two cooling fins 22 arxl 32 
becomes larger, and therefore an amount of heat trans- 
mitted from radiator core portion 3 to condenser core 
portion 2 is increased so that the heat exchange effi- 
ciency of the condenser core portion 2 is deteriorated. 

The inventors have examined and studied the rela- 
tionship between the deterioration amount of the heat 
exchange efficiency of the condenser core portion 2 
arxi the connection ratio E/F quantitatively, and the 
results are shown in FIG. 9. As shown in FIG. 9, the 
deterioration amount of the heat exchange efficiency of 
the condenser core portion 2 is nearly linearly 
increased when the connection ratio E/F becomes 
large. Further, it also turns out that the deterioration per- 
centages of the heat exchange efficiency of the con- 
denser core portion 2 can be suppressed less than 5% 
when the connectron ratio E/F is equal to 0.1 or less. 

The deterioration percentages of the condenser of 
vertical line In FIG. 9 are calculated by dividing the drf- 
ference between the heat exchange amounts without 
having the connecting portion 45 (two core portions 2 
and 3 are completely separated) and the heat exchange 
amounts with having the connecting portion 45 with the 
heat exchange amounts without having the connecting 
portion 45. 

Next, the characteristics of the first embodiment of 
the present invention will be described. 

Because heat is transmitted from the radiator core 
portion 3 to the corxienser core portion 2 through each 
the connecting portion 45, the smaller the connection 
ratio E/F is, the smaller the heat transmitting amount is, 
as shown in FIG. 9. Further, as shown in FIG. 6, the pro- . 
jection length Lc of the cooling fin 22 of the condenser 
core portion 2 is made large until a specified size so that 
the Increase percentage of the radiating amount can be 
improved. 
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Thus, the projection length Lc of the cooling fin 22 
and the connection ratio E/F are suitably selected so 
that the deterioration amount of the condenser with the 
connecting portion can be offset by the increase of the 
radiating amount with projecting the cooling fin 22. 5 
Because the cooling fin 22 is projected toward the clear- 
ance 46 side between the two core portions 2 and 3, the 
shape of the heat ^changer 1 can be prevented from 
being large-sized. 

In the first embodiment, the projection length Lc is 10 
about 1 7.0 mm. the connection ratio E/F is about 0.05. 
That is, because the connection ratio E/F is about 0.05, 
the deterioration amount is about 2%. However, the pro- 
jection length Lc Is about 1 .7 mm, so that the radiating 
amount of the condenser core portion 2 increases about is 
2%. Thus, the deterioration amount of the condenser is 
offset by projecting the cooling fin. 

The projection length is suitably selected by the 
thickness, the shape and material, the louvers 22b and 
32b and the like of the cooling fins 22 and 32. When the 20 
connection ratio is equal to 0.05 or less, the projection 
length is preferably in a range of 1.7 - 7.0 mm. The 
length Ls of the clearance 47 between the two cooling 
fins 22 and 32 may be a length in which the heat trans- 
nriission Is effectively interrupted, more specifically, the 2s 
length Ls of the clearance 47 is about in a range of 0.5 
- 2.0 mm. In the first embodiment, the length Ls of the 
clearance between the two cooling fins is about 0.5 mm. 
the clearance distance L between the two tubes 21 and 

31 is about 4.0 mm. 30 

Further, because the cooling fin 32 of the radiator 
core portion 3 is also projected toward the condenser 
core portion side 2. the radiating amount Is increased in 
the radiator core portion 3 as shown in FIG. 1 1 . Thus, 
the shape of the heat exchanger 1 can be prevented 35 
from being large-sized, the radiating amount can be 
increased in the radiator core portion 3. In the first 
embodiment, the projection length Lr of the cooling fin 

32 is atx>ut 1 .8 mm. the increase percentage of the radi- 
ating amount of the cooling fin 32 is about 5 %. 40 

Further, the projection lengths Lc and Lr are suita- 
bly selected respectively, so that the radiating capacity 
of the condenser core portion 2 and the radiating capac- 
ity of the radiator core portion 3 can be easily controlled. 
Thus, a desired design can be easily modified without a 45 
large design change of the heat exchanger. 

Because a plurality of folded portions 22a and 32a 
(5-10 folded portions, in the first embodiment) are 
formed between one of the connected portion 45 and 
the other connected portion 45 of the plurality of con- so 
nected portions 45, total cross sectional areas of the 
plurality of connecting portions 45 which is a cross sec- 
tional area of heat transmitting passage of heat trans- 
mitted between the two cooling fins 23 and 32 can be 
made smaller. Thus, the heat transmitting amount ss 
between the two cooling fins 22 and 32 can be made 
smaller, so that the heat transmitting between the two 
cooling fins 23 and 32 can be effectively interrupted. 

Further, in the first embodiment, the aoss sectional 



area of the heat transmitting passage is made smaller 
so that the heat transmitting between the two cooling 
fins 22 and 32 is interrupted. As compared with the con- 
ventional heat exchanger in which the heat transmitting 
between the two cooling fins 22 and 32 is interrupted by 
increasing the heat transmitting passage, the distance 
between the two cooling fins 22 and 32 can be 
decreased. Thus, the increase of the size of the heat 
exchanger 1 is controlled, and the heat transmitting 
between the two cooling fins 22 and 32 can be effec- 
tively interrupted. 

Further, because the cooling fins 22 and 32 are 
integrally formed, the manufacturing cost of the two 
cooling fins 22 and 32 can be decreased, and as a 
result, the manufacturing cost of the heat exchanger 1 
can be decreased. 

A second emtxxliment of the present invention will 
be described. 

In the second embodiment, the heat exchange effi- 
ciency of an automotive heat exchanger is improved in 
view of a vehicle design concept in recent years, in 
which a space of a passenger compartment is 
expanded by downsizing an engine compartment. 

Specifically, as shown in FIG. 12. the side plates 23 
and 33 In FIG. 1 are Integrated (hereinafter, the inte- 
grated side plate is simply referred to as side plate (par- 
tition member) 50.) and the clearance 46 between the 
two core portions 2 and 3 is closed so that an amount of 
air passing through the condenser core portion 2 is 
increased. 

Next, the reason why the amount of cur passing 
through the condenser core portion 2 is Increased when 
the clearance 46 is closed by the side plate will be 
described. 

In recent years, as described above, to downsize 
the engine compartment, the equipment in the engine 
compartment are closely disposed to the extent that the 
equipment can be fixed or maintained by a serviceman, 
similarly, the radiator core portion 3 is disposed closely 
to the other equipment. 

However, when the radiator core portion 3 Is simply 
dose to the equipment, air f bw in the engine compart- 
ment is deteriorated (stayed), and therefore an amount 
of air passing through the radiator core portion is 
decreased so that the radiating capacity of the radiator 
core portion 3 is decreased. 

Generally, to secure a certain amount of air into the 
radiator core portion 3, the radiator core portion 3 is 
installecl at the front side of the vehicle (the engine com- 
partment) as shown In FIGS. 1 3 and 1 4. Further, it is not 
limited to the second embodiment, the radiator core por- 
tion 3 is usually so disposed that air fbwing from front 
side of a vehicle toward the engine compartment effec- 
tively join together into the radiator core portion 3. 

Specifically, dearancos (distance) between the 
radiator core portion 3 and the other equipment which 
are closely disposed to the radiator oore portion 3 and 
clearances between the radiator core portion 3 and 
reinforcing members of the vehicle such as upper rein- 
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forcing member (upper cross member) 100 and lower 
reinforcing member (lower cross member) 101 are 
made smaller, so that it has a construction (layout) in 
which air flowing from the front side of vehicle into the 
engine compartment does not directly flow toward the 
downstream side by bypassing the radiator core portion 
3. 

Thus, as shown in FIG. 1 5, air flowing from the front 
side of a vehicle toward the engine compartment flows 
so as to join together into the radiator core portion 3 as 
approaching the radiator core portion 3. Therefore, 
when the condenser core portion 2 is located at an 
upstream air side of the radiator core portion 3, air flow- 
ing from the front side of a vehicle toward the engine 
compartment is divided into two air flows including one 
air flow bypassing the condenser core portions 2 and 
passing through the radiator core portion 3 from the 
clearance 46 between the condenser core portion 2 and 
radiator core portion 3, and the other air flow straightly 
passing through the two core portions 2 and 3. 

When the clearance 46 is closed at the end por- 
tions of the two core portions 2 and 3. air bypassing the 
condenser core portion 2 and flowing into the clearance 
46 is interrupted, and therefore the air bypassing the 
condenser core portion 2 does not flow through the 
clearance 46 so that air only flows through the con- 
denser core portion 2. 

Thus, when the clearance 46 is closed at the end 
portions of the two core portions 2 and 3, as compared 
with the case without closing the clearance 46, the 
amount of air passing through the condenser core por- 
tion 2 located at an upstream air side of the radiator 
core portion 3 is increased by the amount of air bypass- 
ing the corxjenser core portion 2 (hereinafter, this phe- 
nomenon (effect) referred to as duct effect). 

To quantitatively examine the at>ove described duct 
effect, the inventors have experimented the relationship 
between the distance L of the two tubes 21 and 31 and 
the increase percentage of an amount of air passing 
through the condenser core portion 2 when both projec- 
tion lengths Lc and Lr of the two cooling fins 22 and 32 
are 0 mm and the two core portions 2 and 3 are inde- 
pendently separated (the connection ratio E/F s 0) in an 
automotive heat exchanger. 

FIG. 16 is a graph showing the experimented 
results. The increase percentages are shown by per- 
centages based on a standard distance in which an 
average distance t>etween the two tubes 21 and 31 is 20 
mm. 

In the above described experiment, supposing an 
actual state where the automotive heat exchanger of the 
second emtxxJiment is mounted on a vehicle, the radia- 
tor core portion 3 is located at a downstream air side of 
ihe condenser core portion 2. and a cooling fan 51 is 
located at downstream air side of the radiator core por- 
tion 3. 

In FIG. 16, a state of the distance L = 0 is studied, 
the following results can be obtained. That is, when the 
distance L » zero, the two core portions 2 and 3 are con- 



tacted with each other, and therefore the air flow 
bypassing the condenser core portion 2 is not gener- 
ated. That is, as viewed from a direction of air flow in the 
above described experiment, the state in which the dis- 
5 tance L = zero is similar to the state in which the clear- 
ance 46 between the two core portions 2 and 3 is 
closed. 

Thus, as shown in FIG. 16, the smaller the distance 
L is, that is. the closer the distance L approaches zero, 

10 the larger the amount of air passing through the con- 
denser core portion 2 t>ecomes. Thus, the clearance 46 
is closed so that the duct effect can be obtained. 

Further, in the automotive heat exchanger in which 
the clearance 46 between the two core portions 2 and 3 

75 are closed, a pressure loss when the air passes through 
the clearance between the two core portions 2 and 3 is 
sufficiently small as compared with a pressure loss 
when the air passes through the two core portions 2 and 
3, and therefore the pressure loss when the air passes 

20 through the clearance 46 can be omitted. That is, the 
above descrit>ed experimented state in which the dis- 
tance L = zero is quantitatively similar to the state in 
which the clearance 46 between the two core portions 2 
and 3 is closed. 

25 Thus, in the automotive heat exchanger in which 
both projection lengths Lc and Lr of the two cooling fins 
22 and 32 are 0 mm and the two core portions 2 and 3 
are independently separated, when the distance L is 2.0 
mm. for example, the increase percentage of air amount 

30 with the duct effect is a difference between the increase 
percentage of air volume of the distance L = 0 and the 
increase percentage of air volume of the distance L 
20.0 mm. that is, the difference is 20%. 

Further, in the above described experiment, FIG. 1 7 

35 shows the relationship between the distance L and the 
increase percentage of the heat exchange of the con- 
denser core portion 2. Similarly to FIG. 16. in FIG. 17. 
the state in which the distance L = zero is similar to the 
state in which the clearance 46 is closed. Thus, the 

40 smaller the distance L is, that is. the closer the distance 
L approaches zero, the higher the heat exchange per- 
centage of the condenser core portion 2 becomes. 

It can be considered that heat is transmitted from 
the radiator core portion 3 side toward the corxienser 

45 core portion 2 side through the integrated side plate 50 
so that the heat exchange efficiency of the condenser 
core portion 2 is decreased. However, in the side plate 
50, an effective cross sectional area contributing to the 
heat exchange is a sligfrt portion close to the two header 

so tanks 34 and 36 of the radiator core portion 3. and fur- 
ther, the effective cross sectional area is very small as 
compared with the core area of the condenser core por- 
tion 2. Therefore, the decrease of the heat exchange 
due to the heat transmission can be nearly omitted. 

55 As described above, because the two cooling fins 
22 and 32 are integrally formed with the louvers 22b and 
32b by a roller forming method or the like, it is difficult to 
form the connecting portion 45 when the connection 
ratio E/F is made small, so that the manufacturing cost 
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of the cooling fin is increased. Thus, it is preferable that 
the connection ratio E/F is made as large as possible in 
view of manufacture for the cooling fin. 

On the other hand, when the connection ratio E/F is 
made large, the heat exchange of the condenser core 
portion 2 is decreased as described above, so that it is 
not preferat)ie that the connection ratio E/F is exces- 
sively made large. 

For example, in the automotive heat exchanger in 
which the distance L = 20.0 mm, the heat exchange of 
the condenser core portion 2 can be increased to 10% 
by only the duel effect, and therefore the connection 
ratio E/F can be increased to the value (the connection 
ratio E/F » 0.24) corresponding to 10% deterioration of 
the condenser (refer to FIG. 17). 

Further, when the connection ratio E/F is equal to 
0.1 or less, the deterioration percentage of the con- 
denser is 5% (refer to FIG. 9). Therefore, when the 
increase percentage of the heat exchange will be 
increased to 10% by the duct effect, even if the projec- 
tion length (deviated amount) Lc is -1 .5 mm (when the 
projection length Lc is -1 .5 mm. the radiating amount of 
the condenser core portion 2 is deteriorated by about 
5%. refer to FIG. 6), the deterioration percentages of the 
radiating amount of the condenser core portion 2 can be 
offset. 

The projection length (deviated amount) Lc is a 
position of an end of the cooling fin 22 of the condenser 
core portion 2 placed at the radiator core portion 3 side 
when the end of the condenser tut>e 21 placed at the 
radiator tube 31 side is as a standard position (0) and 
the direction from the condenser tube 21 to the radiator 
tube 31 side is a right direction. That is, the projection 
length (deviated amount) Lc = -1 .5 mm shows a state in 
which tiie end pxsrtion of the cooling fin 22 is placed in 
more upstream than the end portion of the condenser 
tube 21 . 

The inventors have compared and studied the man- 
ufacturing costs of the cooling fins and the heat 
exchange effects of the condenser core portion 2 in 
automotive heat exchangers having various specifica- 
tions. As a result, it comes to a conclusion that the con- 
nection ratio E/F is appropriately equal to 0.1 or less. 
Further, if the increase of the increase percentage of the 
heat exchange with the duct effect is considered as 
described above, the projection length (deviated 
amount) Lc may be in a range of 5.0 - 7.0 mm. 

Because the clearances between the two header 
tanks 24 and 25 of the condenser core portion 2 and the 
two header tanks 34 and 36 of the radiator core portion 
3 are sufficiently small, air hardly flows into the clear- 
ance 46 between the two core portions 2 and 3 through 
the clearances between the header tanks. Therefore, in 
the second emkxxliment, a special work for closing the 
clearance 46 is not needed. 

However, when tiie distance L is sufficientiy large 
and the clearances between the two header tanks 24 
and 25 of the condenser core portion 2 and tiie header 
tanks 34 and 36 of the radiator core portion 3 become 
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large, it is preferable that the clearance 46 between the 
two core portions 2 and 3 is closed by a partition plate 
or the like described later. 

A third embodiment of the present invention will be 

5 described. 

In the third embodiment, the length Ls of the clear- 
ance 47 between the two cooling fins 22 and 32 is made 
small to a proper value so that the duct effect can be 
obtained without closing the clearance 46 by the side 

10 plate 50 or the partition plate described later. Hereinaf- 
ter, the length Ls of the clearance 47 between the two 
cooling fins 22 and 32 will be described. 

That is. the smaller the length Ls of the clearance 
47 is, the larger the resistance of air flowing into the 

IS clearance 46 between the two core portions 2 and 3 is. 
Therefore, it is supposed that, the smaller the lengUi Ls 
is, the closer the state in which the clearance 46 is more 
closed becomes. 

The inventors have experimented on the compari- 

20 son between the amount of air passing through the con- 
denser core portion 2 of the automotive heat exchanger 
in which the length Ls of the clearance 47 between the 
two cooling fins 22 and 32 is zero and the amount of air 
passing through the condenser core portion 2 of the 

25 automotive heat exchanger in which the clearance 46 
between the two core portions 2 and 3 is closed. As a 
result, the inventors have confirmed that the two air 
amounts are nearly equal. Thus, by making the length 
Ls of the clearance 47 between the two cooling fins 22 

30 and 32 smaller, the duct effect can be obtained. 

As can be apparent from the above desaibed com- 
parison experiment, the amount of air passing through 
the condenser core portion 2 with the duct effect is not 
influenced by the distance L between the two tubes 21 

35 and 31. however, is influenced by the length Ls of the 
clearance 47 between the two cooling fins 22 and 32. 
Thus, the experimental results shown in FIGS. 16 and 
17 may be considered as that tiie graphs respectively 
show tiie relationships between the length Ls of the 

40 clearance 47 and the increase percentage of the 
amount of air passing through the condenser core por- 
tion 2 and the relationship between the length Ls of the 
clearance 47 and the increase percentage of the heat 
exchange of the condenser core portion 2. 

45 The inventors have compared the merit of the duct 
effect by decreasing the length Ls of the clearance 47 
witii the demerit by increasing the airflow resistance. As 
a result, it is preferable that the length Ls of the clear- 
ance 47 is equal to 5.0 mm or less (0<L8S5). Furtiier, 

so when the improvement of the increase percentage of 
the heat exchange with the duct effect is considered, the 
projection length (deviated amount) tx may be in a 
range of -1.0 - 7.0 mm. 

However, as shown in F!G. 11, because the 

ss increase percentage of the radiating amount becomes 
the maximum when the projection length Lr is in a range 
of 5.0 - 6.0 mm, and the graph of the radiating capacity 
of the radiator core portion 3 draws a mountain shape, 
the radiating capacities are neariy equal when the pro- 
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jection length Lr is 8.0 mm and the projection length Lr 
is 3.0 mm. Thus, even if the projection length Lr is equal 
to 8.0 mm or less, the present invention can be emkxxjl- 
ied. 

Further, as shown in FIG. 18, the clearances 47 5 
may be formed in the width direction alternately so as to 
overlap with each other. Further, the clearance 47 may 
be slantingly formed so that the longitudinal direction of 
the clearance 47 has a predetermined angle with refer- 
ence to the longitudinal direction of the cooling fin. ro 

In the above described embodiments, the cooling 
fins 22 and 32 are projected toward only the clearance 
46 side. However, the cooling fins can be projected to a 
side of opposing the clearance 46. 

Further, in the second embodiment, the clearance is 
46 is dosed by the side plate 50. However, a partition 
plate for closing the clearance 46 rnay be assembled, 
into the two side plates 23 and 33 without integrating the 
two side plates 23 and 33. In this case, preferably, the 
partition plate is formed by a member having a small 20 
heat exchange efficiency such as resin. 

Further, in the side plate 50. the wall thickness cor- 
responding to the portion of the clearance 46 may be 
made thinner than the other portion. 

Although the present Invention has been fully 25 
described in connection with preferred embodiments 
thereof with reference to the accompanying drawings, it 
is to be noted that various changes and modifications 
will become apparent to those skilled in the art Such 
changes and rrK)difi cations are to be understood as 30 
being within the scope of the present irrvention as 
defined by the appended claims. 

Claims 

35 

1 . A heat exchanger comprising: 

a plurality of first tubes (21) in which a first 
refrigerant flows; 

a corrugated first cooling fin (22) in which a plu- 40 
rality of folded portions (22a) Is formed continu- 
ously, said corrugated first cooling fin (22) 
being disposed between each pair of adjacent 
first tubes (21); 

a plurality of second tubes (31) in which a sec- 45 
ond refrigerant flows, said second tubes (31) 
being disposed in parallel with said first tubes 

(21) ; 

a corrugated second coding fin (32) In which a 
plurality of folded portions (32a) is formed con- so 
tinuously, said corrugated secorxl cooling fin 
(32) being disposed between said each pair of 
adjacent second tubes (31); and 
a plurality of connecting portions (45) for con- 
necting a side end portion facing the adjacent ss 
second cooling fin (32), of said first cooling fin 

(22) , and a side end portion facing the adjacent 
first cooling fin (22). of said second cooling fin 
(32), so as to have a predetermined clearance 



therebetween, 

wherein a plurality of said folded portions 
(22a, 32a) of said first and second cooling fins (22, 
32) is formed between two adjacent said connect- 
ing portions (45). 

2. A heat exchanger according to daim 1, 

wherein each of said first and second cool- 
ing fins (22, 32) indudes a flat portion (22c. 32c) 
formed between the adjacent folded portions (22a, 
32a). and 

said connecting portions (45) are formed 
between each pair of said flat portion (22a) of said 
first cooling fin (22) and said flat portion (32a) of 
said second cooling fin (32). 

3. A heat exchanger according to claim 1, wherein 
said connecting portion (45) has a portion in paral- 
lel with a longitudinal direction of said first arvd sec- 
ond cooling fins (22, 32). a length of said portion 
being equal to 5% or less of a length between each 
pair of the adjacent said connecting portions (45) 
when said first and second cooling fins (22. 32) are 
unfolded. 

4. A heat exchanger according to claim 1. wherein 
said connecting portion (45) has a portion in paral- 
lel with a longitudinal direction of said first and sec- 
ond cooling fins (22. 32). a length of said portion 
t>eing equal to 10% or less of a length between 
each pair of the adjacent said connecting portions 
(45) when said first and second cooling fins (22, 32) 
are unfolded. 

5. A heat exchanger according to claim 3, wherein 
said first coding fin (22) is projected from said first 
tubes (21) toward said second tubes (31) with a 
projection length being in a range of 1 .7 to 7.0 mm. 

6. A heat exchanger according to claim 5, wherein 
said second cooling fin (32) is projected from said 
second tut)es (31 ) toward said first tubes (21 ) with a 
projection length being equal to 5.0 mm or less. 

7. A heat exchanger comprising: 

a plurality of first tubes (21) in which a first 
refrigerant flows; 

a plurality of second tubes (31) in which a sec- 
ond refrigerant flows, said second tubes (31) 
being disposed In parallel with said first tut>es 
(21); and 

a cooHng fin (22, 32) in which a plurality of 
folded portions (22a, 32a) is formed continu- 
ously in a corrugated shape, said coding fin 
being disposed between each pair of the adja- 
cent first tubes (21) and each pair off the adja- 
cent second tubes (31), wherein said cooling 
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fin (22. 32) includes a plurality of slit-shaped 
recess portions formed between said first 
tubes (21) and said second tubes (31). a longi- 
tudinal direction of said recess portions cross- 
ing a ridge direction of said folded portions 5 
(22a. 32a) with a predetermined angle, and 
said recess portions being formed so as to 
cross over a plurality of said folded portions 
(22a. 32a). 

10 

8. A heat exchanger according to claim 7, wherein 
said cooling fin (22. 32) includes a flat portion (22c, 
32c) formed between the adjacent folded portions 
(22a. 32a), and a connecting portion (45) formed 
between each pair of adjacent recess portions in a is 
longitudinal direction thereof. 

9. A heat exchanger according to claim 8, wherein. 

said flat portion (22c, 32c) is divided into two 
portions by said recess portion, one of which Is dis- 20 
posed between each pair of the adjacent first tubes 
(21), the other of which is disposed between each 
pair of til e adjacent second tubes (31). and 

said connecting portion (45) connects each 
pair of two portions of said flat portion (22c. 32c). 2S 

10. A heat exchanger according to daim 1 , wherein. 

said first tubes (21) are used for condenser 
tubes (21) of a condenser core portion (2) for con- 
densing a refrigerant of a condenser for forming a so 
refrigeration cycle, 

said second tubes (31) are used for radiator 
tubes (31) of a radiator core portion (3) of a radiator 
for cooling an automotive engine, and 

said condenser core portion (2) is disposed ss 
at an upstream air side of said radiator core portion 

(3)- 

11. An automotive heat exchanger for cooling an 
engine water for cooling an engine and a refrigerant 40 
of an air conditioning apparatus employing a refrig- 
eration cycle, said automotive heat exchanger dis- 
posed at a front side of the vehicle and comprising: 

a plurality of first tubes (21) in which said ref rig- 4S 
erant flows; 

a first core portion (2) including a corrugated 
first cooling fin (22) disposed between each 
pair of adjacent first tubes (21); 
a plurality of second tubes (31) in which said so 
second refrigerant flows, said second tubes 
(31) being disposed at a downstream air side of 
said first core portion (2) in parallel with said 
first tubes (21) so as to form a predetermined 
clearance therewith; ss 
a second core portion (3) including a corru- 
gated second cooling fin (32) disposed 
between said each pair of adjacent secorKi 
tubes (31); 



a plurality of connecting portions (45) for par- 
tially connecting said first cooling fin (22) and 
said second cooling fin (32) so as to have a 
predetermined clearance therebetween; and 

a partition member (50) disposed at end por- 
tions of said first core portion (2) and second 
core portion (3), for preventing the air bypass- 
ing said first core portion (2) from flowing 
through said clearance between said first cool- 
ing fin (22) and said second cool fin (32). 

12. An automotive heat exchanger according to daim 
1 1 , wherein said partition member (50) is formed by 
a side plate (50) which is a reinfbrdng member of 
said first core portion (2) and said second core por- 
tion (3). 

13. An automotive heat exchanger according to daim 
11, wherein an end portion of said first cooling fin 
(22) placed at said second tube (31) side is devi- 
ated along a right direction from said first tube (21) 
to said second tube (31) in a range of -1.5 - 7.0 mm 
from a standard position where an end portion of 
said first tube (21) is placed at said second tube 
(31) side. 

14. An autonix>tive heat exchanger for cooling an 
engine water for cooling an engine and a refrigerant 
of an air conditioning apparatus employing a refrig- 
eration cycle, said automotive heat exchanger dis- 
posed at a front side of the vehide and comprising: 

a plurality of first tubes (21) in which said refrig- 
erant flows: 

a first core portion (2) induding a corrugated 
first cooling fin (22) disposed between each 
pair of adjacent first tubes (21); 
a plurality of second tubes (31) in which said 
second refrigerant flows, said second tubes 
(31) being disposed at a downstream air side of 
said first core portion (2) in parallel with said 
first tubes (21) so as to form a predetermined 
clearance therewith; 

a second core portion (3) including a corru- 
gated second cooling fin (32) disposed 
between said each pair of adjacent second 
tubes (3); and 

a plurality of connecting portions (45) for par- 
tially connecting said first cooling fin (22) and 
said second cooling fin (32) so as to have a 
predetermined dearance therebetween; 

wherein said clearance between said first 
cooling fin (22) and said second cooling fin (32) has 
a distance (Ls) being equal to 5.0 n im or less. 

15. An automotive heat exchanger according to daim 
14, wherein an end portion of said first cooling fin 
(22) placed at said seoorxi tube (31) side is devi- 
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ated along a right direction from said first tube (21) 
to said seoond tube (31) in a range of -1.5 to 7.0 
mm from a standard position where an end portion 
of said first tube (21) Is placed at said second tube 
(31) side. 5 



16. An automotive heat exchanger according to claim 
1 1 , wherein. 

said second cooling fin (32) is projected from 
said second tut>e (31) toward said first tube (21) io 
side with a projection length being equal to 8.0 mm 
or less. 

17. An automotive heat exchanger according to claim 

11, wherein said connecting portions (45) has a is 
portion in parallel with a longitudinal direction of 
said first and second cooling fins (22, 32), a length 
of said portion being equal to 5% or less of a length 
between each pair of the adjacent said connecting 
portions (45) when said first and second cooling 20 
fins (22. 32) are unfolded. 



18. An automotive heat exchanger according to claim 
11, wherein said connecting portions (45) has a 
portion in parallel with a longitudinal direction of 2s 
said first and second cooling fins (22. 32). a lengtii 
of said portion being equal to 10% or less of a 
length between each pair of the adjacent said con- 
necting portions (45) when said first and second 
cooling fins (22, 32) are unfolded. 30 
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